Synthetic ion-exchange resins have recently been widely used for the separation of basic and acidic from neutral compounds. Thus Cannan (1944) , by repeated applications of Amberlite IR4, separated glutamic and aspartic acids quantitatively from protein hydrolysates. Earlier, Freudenberg, Walch & Molter (1942) had used a column of Wolfatite M for the separation of the dicarboxylic amino-acids, and Cleaver, Hardy & Cassidy (1945) investigated the chromatographic separation of amino-acids by organic exchange resins. Recently, Tiselius, Drake & Hagdahl (1947) have employed synthetic ion exchange resins chromatographically for the quantitative separation of amino-acids into groups. The aim of the present investigation was to extend such methods to cover the separation of the acidic aminoacids from one another (at pH 2.5) after their isolation from the rest of the protein hydrolysate (at pH 3-4) . Although completely quantitative recoveries were not obtained, complete separations have been achieved. The separation depends on differences in net charge between the acidic arinoacids at a given pH (Fig. 1) . Thus, glutamic acid with pKL 2-16 and pK2 4-32 (Neuberger, 1936) has a net charge of -0-31 at pH 4; aspartic acid with pKj and pK2 365 (Miyamoto & Schmidt, 1931 ) has a net charge of -0-69 at pH 4; whilst cysteic acid with pKj 1-88 and pK2 1-30 (Andrews & Schmidt, 1927) hasa net charge of -0-99 at this pH. It would therefore be expected that a column of Amberlite IR4 maintained uniformly at pH 4, because ofits positive charge, will preferentiallyretain cysteic, aspartic and glutamic acids in this order. Theoretically, it would appear that the optimum pH for the separation of glutamic from aspartic acid is about 4, since at this pH the largest difference in net charge occurs, but experimentally it was found that for satisfactory separation a pH of 2-5 was necessary. At To apply these principles, care has been taken to bring the Amberlite to the required pH and to -maintain it uniformly in that part of the column where separations are taking place. In order to establish equilibrium conditions, the resin was finely powdered and the width of the column kept small in relation to its height so that low rates of flow were maintained. In the first stage, no difficulty was found in effecting the separation of the acidic from the basic and neutral amino-acids in a protein hydrolysate at pH 3-4. As is shown by its titration curve (Fig. 2) , at this rather acid pH, the percentage charge on the resin is sufficiently high for it to compete successfully with lysine and arginine for the acidic amino-acids. The departure from the expected sigmoid shape of the curve below pH 1 may be due to decomposition of the resin. This is also suggested by therfact that the nitrogen (Kjeldahl) washed from a column by acid is about ten times as high for strong acid (pH 0-4) as for weak acid (pH 3-4) and is independent of the history (previous washings) of the column. By the above means and by the application of the chromatographic principle, considerable economy of resin was achieved. Separations have been followed by partition chromatography on paper (Consden, Gordon & Martin, 1944) of samples from each eluate; this method has provided a convenient means for identifying the amino-acidspresent in each fraction, without using more than negligible quantities.
The copper titration method of Pope & Stevens (1939) was chosen as a convenient means of estimating the acidic amino-acids after separation by the resin and was adapted to deal with micro quantities. Unfortunately, it was not found possible to obtain fully quantitative recoveries of glutamic and aspartic acids after their separation from synthetic mixtures. The recovery of glutamic acid was about 91 %, that for aspartic about 96%. A'possible cause for low recoveries may be formaldehyde which appears to be continually liberated even after the washing cycle employed by Cannan (1944) . Attempted removal of formaldehyde failed to improve the results. Estimation of amino N or total N in the eluates by the Van Slyke manometric procedure or Kjeldahl method was tried and abandoned owing to the high blanks given by eluates washed off the column after the removal of amino-acids. Cysteic acid, as isolated from hydrolysates by means of Amberlite, is always accompanied by pigment having a similar acid strength. As similar pigment material from hydrolysates of wool not containing cysteic acid gives significant titrations in the Pope & Stevens (1939) procedure, estimations of cysteic acid would presumably give fictitiously high results.
As the synthetic ion exchange resins can absorb relatively large amounts of amino-acids (Englis & Fiess, 1944; Cleaver et al. 1945) , they are suitable for isolations. Thus, cysteic acid has been isolated from a hydrolysate of chlorinated wool. This material was almost fully optically active, whereas that obtained by Lissizin (1928) (ii) The second column (height 30 cm.) is prepared from about 3 g. Amberlite and the pH is adjusted accurately to 2-5 by equilibration with dilute acid or water until the acidity of the supernatant fluid is slightly above 0-003N. The material is then transferred to a 0-5 cm. diameter tube and washed overnight with 0-003N-HCI. The acidity of the eluate is finally checked by titration. The columns should not be allowed to run dry and remain so for any length of time; otherwise extensive cracking may occir.
Procedure for estimation of glutamic and aspartic acid8. The hydrolysate prepared with HCI and containing up to 15 mg. acidic amino-acids is repeatedly evaporated in vacuo by rotating manually in a warm water bath, allowed to stand overnight in vacuo over KOH, and quantitatively transferred in a small volume to the first column. Water is then passed down the column; the neutral and basic aminoacids are eluted in the first 25 ml. The next 5 ml. should be free from amino-acids. To test the eluates, a portion of the first 25 ml. and the whole of the second 5 ml. fraction are separately concentrated in vacuo to very small bulk and samples of each tested by partition chromatography on a strip of Whatman no. 4 paper using phenol-NH3, developing for 5 hr. or more, with suitable control (cf. Consden et at. 1944). After development and treatment with ninhydrin, basic and neutral, but no acidic amino-acids, are found in the first eluate, whilst the second eluate should contain no amino-acids. If cystine is present, the eluate sample is oxidized by treatment with excess Br. water before chromatography; the cysteic acid thus produced occupies a position on the chromatogram not overlapping the positions of aspartic and glutamic acids (Consden, Gordon & Martin, 1946) if these are present.
The next stage consists in transferring the material remaining in the column to the second column. This may be done in either of two ways: Method 1. The column is eluted with N-HCI causing the pigment to run down as a sharp band. When this has run out, the washing is stopped and the eluate repeatedly evaporated in vacuo and allowed to stand overnight in vacuo over KOH to remove excess HCI. It is then quantitatively transferred to the second column which is eluted with 0-003N-HCI, 10 ml. eluates being collected. Each is concentrated in vacuo to a volume of 1-2 ml. and a sample (4 iu.) tested as described above.
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Method 2. The column is washed with 3 ml. N-HCI, causing the pigment band to travel about half way down. (The eluate should be free from amino-acids as revealed by chromatography.) The column is then fixed to the top of the second column. Elution is continued with water, but the acid already added is sufficient to cause the pigment band to continue to travel down and eventually to pass into the lower column. When the pigment has travelled a few cm. into the second column, the top column is removed and elution of the lower column continued with 0-003N-HCI. If no pigment is present, elution may be followed by the change in shade of the resin which is orange when strongly acid. Eluates are collected and tested as in method 1.
Method 1 has been found to behave more consistently than method 2; in proteins where the ratio of glutamic to aspartic acid is of the order 2 :1, the glutamic acid is eluted from the second column in the first 20 ml., and aspartic acid in the next 30 ml., whereas in method 2 the stages at which glutamic and then aspartic acids begin to appear are rather less certain. Method 2 is quicker than method 1 but requires more attention. (0-5-20 ,ug.) of cysteic acid, each at the same volume as that of the hydrolysate, applied by the side of the hydrolysate spot. After development of the chromatogram in phenol-NH3-coal gas for 17 hr., the paper is dried, coloured with ninhydrin and the depth of colour of the cysteic acid spot in the hydrolysate compared with those of the controls. The isolation may be conducted either (a) by eluting the column with N-HCI after separation of the dicarboxylic aminoacids by method 1 or 2, or (b) at pH 1-5. If (a) has been used, partition chromatography reveals that the whole of the cysteic acid runs out in the region of the pigment band, at which stage there is a sharp change in pH from 2-5 to <1. No complete separation of the pigment from cysteic acid was achieved by using the resin and eluting solution at a lower pH; however, at pH 1-5 all the amino-acids except cysteic acid are rapidly eluted, thus making possible its isolation on only one column. Thus, on a column, length 30 cm., diameter 0-5 cm., eluted with 0-03N-HCI, the neutral, basic and dicarboxylic amino-acids accompanied by some pigment, run out in the first 25 ml. followed soon after by cysteic acid, the elution of which can be speeded up by N-HCI. RESULTS
Recovery of glutamic and aspartic acid8 from a mixture of amino-acid8
An amino-acid mixture simulating a wool hydrolysate (Astbury, 1942) of total N)/ml. This solution (8 ml.), after evaporation in vacuo, was subjected to the foregoing procedure, using method 2. Recoveries of glutamic and aspartic acids are recorded in Table 1 . In experiments on glutamic and aspartic acids alone, similar recoveries were obtained. The odour of formaldehyde could usually be detected in the eluates from the columns after concentration; treatment of the eluates with alkali, HCl, H202, or dimedone failed to improve the results and treatment with strong NH3 gave high results. Addition of forinaldehyde to glutamic and aspartic acid solutions led to low titrations.
I8olation of cy8teic acid
Degraded protein produced by the action of chlorine on wool (Consden et al. 1946) , containing 156 mg. N and which by the paper chromatographic method described above was expected to contain approx. 4 mg. cysteic acid N, was hydrolyzed and prepared as already described for application to the resin. This material was transferred to a column (30 cm. high; 1-5 cm. diam.) which had been equilibrated to pH 1-5 and was then eluted with 0-03K-HCI, the rate offlow through the column being about 60 ml./hr. Six eluates of 20 ml. each were collected and tested as described above. The neutral aminoacids plus glutamic and aspartic acids were eluted in the first three fractions. The fourth fraction contained much cysteic acid and subsequent fractions successively less. The column was eluted with a further 500 ml. 0-03N-HCI and, as small amounts of cysteic acid were still being washed out, it was finally eluted with N-HCI which removed all the remaining cysteic acid and yellow material from the resin. The united fractions containing cysteic acid were concentrated in vacuo to small volume and the solution, after standing at 00, deposited brownish crystals, which after filtrationwere decolorized byboilingwith animal charcoal. ,-17-ketosteroids may be altered in various other cancerous and non-cancerous conditions. It therefore appeared desirable to extend the polarographic method for the estimation of 17-ketosteroids (Barnett, Henly & Morris, 1946) so that it could also be used for the routine estimation of the a-and P-17- Baumann & Metzger (1940) has been criticized by Salter et al. (1946) on the grounds that several conditions (e.g. ethanolic content of the medium, and initial concentration of steroid) may alter the apparent partition between a-and #l-fractions. The procedure of Frame (1944) has the single disadvantage that about 15 mg. oftotal steroid are required, an amount which would necessitate the extraction of several days' collection of urine from subjects with a low 17-ketosteroid excretion. Pincus (1945) described a microprocedure (using about 1 mg. of total steroid) and suggested the addition of dehydroi8oandrosterone (3(,B)-hydroxyandrost-5-en-17-one) inordertoobtain maximum precipitation of the fl-fraction. He also commented that, regardless of the f-17-ketosteroid content, digitonin precipitation leads to a loss of approximately 0*02 mg. of fl-17-ketosteroid to the a-fraction. There is evidently a need for a method of separation of a-and fl-17-ketosteroids in urine extracts, which would combine the reliability of
